Main results: The largest sapling regeneration cores were found in the G-CCD followed by S-20 CCD, and finally D-CCD, all tested for significance with Kruskal-Wallis Test. Compared with 21 saplings in the middle of regeneration cores (crop saplings), those at the edge were always 22 reduced in terms of mean height. Significant difference was only found between the 'Main Crop' 23 and the 'Edge 1' of the regeneration cores for G-CCD suggesting that sapling regeneration cores 24 are more typical under G-CCD conditions. HLF ratios were greater than 1 with high growth 25 potentials for both CCD gradients (G-CCD and S-CCD) and there were no significant variations 26 between G-CCD and S-CCD for main crop and edges. The thinning after 12-14 years increased 27 sapling growth. However, under D-CCD, growth had virtually ceased. 28
Introduction

1
In forest understoreys, tree seedling survival and growth are determined mainly by light, 2 water and nutrient availability. Interspecific competition and herbivory may result from 3 variation in canopy cover density (CCD) in the overstorey (Löf et al., 2007) , and this may 4 also affect growth and survival. Although forest ecologists and silviculturalists have 5 emphasized the importance of creating canopy gaps (G-CCD) to generate spatial variation in 6 order to promote tree regeneration, the effects of G-CCD on seedling recruitment may be 7 offset by the development of dense forest understoreys. Light is a resource that limits tree 8 seedling recruitment in many forest understoreys and G-CCD can raise light levels leading to 9 increased seedling recruitment. However, many forests support dense understoreys that may 
9
The ages of individual saplings were assessed with stem sections cut in order to 1 estimate the age by ring counting (González-Martínez & Bravo, 2001). The saplings were 2 scored considering the position of individuals in regeneration cores: (1) "Main crop sapling" 3 the highest score in both variables (dominant and healthy) and (2) "Edge sapling" with the 4 lowest score in both variables (dominant and healthy). The main crop saplings which were 5 measured were located in the middle of the typical natural sapling regeneration cores (Figure  6 2). The term "main crop sapling", that is the trees selected to become a component of a future 7 commercial harvest, refers to those saplings with the highest score in both variables 8 (dominant and healthy) (Gonzales- Martinez & Bravo, 2001) . Those individuals at the edge of 9 the natural sapling regeneration cores were selected as "Edge saplings" (Figure 2 ; G). The 10 individuals were distinguished for stem-analysis as follows: Each core divided into three 11 portions (Edge 1, Edge 2 and Main Crop). From each of the edges three individuals were 12 taken (totalling six for edges) and three individuals were taken from the middle (Figure 2) . 13
14
Analysis of saplings 15
Sapling-stem analysis 16
Sample saplings were cut down to ground level and stem cuts were taken at 1 m intervals for 17 stem analysis (Atici, 2003 (Atici, , 1998 Kalipsiz, 1981) . For the sapling-stem analysis of the 18 increment and growth data of individual trees the "Computer Supported Statistical Analysis 19 Program (GOVAN)" was used (Atici, 2003) . GOVAN is computer software, which provides 20 an opportunity to make computer-based stem analyses to determine the growth relationships 21 of individual trees. Two different forms of graphs of absolute and relative age-height and 22 stem models were drawn with this program. Correlation and regression analyses of the 23 statistical model used for drawing the age-height graph were carried out (Atici, 2003) . 24
Honowski light factor (HLF ratio) 25
The ratio of Terminal sprout length (T) to Lateral sprout length (L) was presented by 26 Fabjanowski et al. (1974) as the growth potential measure of seedlings and saplings under the 27 canopy cover in coniferous species. The factor is referred to as the HLF ratio (Eq. 2). 28
According to this value, the growth condition can be defined as 'well' or 'weak' (after 29 
Data analysis 5
The following equation (Eq. 3) was used to calculate 95% confidence intervals of 6 populations of all measured data (Atici et al., 2008; Kalipsiz, 1981; Sachs, 1972) : 7 μ= x̄±tSE x̄ (Eq. 3) 8
Where x is arithmetic mean;
x SE is std. error; t is Student's t coefficient (t 1-α/2; n-1 ); for 9 9 degrees of freedom=2.262, n is 10 number of samples. 10
Statistical evaluation including nonparametric test (Kruskal-Wallis H Test), t-tests, 11
one-way variance analyses (ANOVA), and Student-Newman-Keuls (SNK) test were applied 12 to the data collected using SPSS 5.01 software for Windows. 13
Results
14
The effect of CCD gradients on formation of regeneration cores 15
The results show that different CCD gradients result in major differences for sapling 16 regeneration cores. The maximal sapling regeneration cores were found in the G-CCD, 17 followed by S-CCD and finally D-CCD (Table 1) . These differences were shown to be 18 statistically significant by the Kruskal-Wallis H test. This test was applied to the difference in 19 the CCD gradients of regeneration cores, and as a result two typical separate groups (1: D-20 CCD; 2: S-CCD and G-CCD) were determined (P<0.001, Table 1 The properties of individuals in regeneration cores 7
Compared with saplings in the middle of a regeneration core or cluster, those on the 8 edge were always shorter with μ value (Table 2 ). These μ value differences were found for the 9 S-CCD (Edge 1: 1.86±0.57m; Main Crop: 2.27±0.51m; Edge 2: 1.92±0.37m) and for the G-10 CCD (Edge 1: 1.79±0.49m; Main Crop: 2.83±0.89m; Edge 2: 2.07±0.43m). Because of 11 height differentiation between edges and main crop the regeneration core form was 12 determined (Table 2; Figure 3 ). The distribution of saplings in different height classes in the 13 sapling regeneration cores revealed they were shorter beneath the canopy than beyond the 14 canopy (Figure 3 ). These were statistically significant between the Main Crop and Edge 1 of 15 the regeneration core for G-CCD (t=-2.317; α =0.036), but not significant for S-CCD (t=12 1.213; P=0.24) ( Table 2 ). This suggests that sapling regeneration cores were more typical 1 under G-CCD conditions than under S-CCD. 2 One-way Variance Analyses (ANOVA) were carried out to test the differences in 1 sapling age under the G-CCD and S-CCD between Main Crop saplings and both Edge 2 saplings in the regeneration cores. There was no significant difference (G-CCD: F= 1.891; p= 3 0.17, S-CCD; F= 1.122; p= 0.340) for sapling age (Table 3) . 4 Honowski light factor (HLF) in the regeneration cores 1 Table 4 shows that for both CCD gradients (G-CCD and S-CCD), as Edge 1, Edge 2 2 and, Main Crop, the HLF ratios were found to exceed 1 but the different groups varied in their 3 values. One-way variance analyses were carried out to test the differences in the G-CCD and 4 S-CCD between Main Crop saplings and both Edge saplings in the regeneration cores. As a 5 result, the assessment established a significant difference for G-CCD (F=4.521; P=0.02) but 6 not for S-CCD (F=1.165; p=0.327). Student-Newman-Keuls (SNK) test was applied to the 7 difference in the G-CCD and two typical separate groups were determined 1) Main Crop 8 saplings and 2) Both Edge samples (Table 4 ). There were no significant variations between 9 the G-CCD and S-CCD for HLF ratios for each zone in the regeneration core (Main Crop 10 saplings: t=-1.458; P=0.162, Edge 1; t=0.243; P=0.811 and Edge 2: t=-0.092; p=0.928) 11 (Tables 4 and 5) . 12 The growth in the regeneration core after the second cutting (thinning and felling) of 4
upper story 5
The results from examination of the age-height graph of sixty sapling-stems (stem 6 analyses) and derived from correlation and regression analyses (e.g. Figure 4 ) show major 7 differences for growth in height after the first and second cutting stages in the stand. offs between the ability to survive at D-CCD gradients and to achieve a high growth rate at 10 G-CCD and then S-CCD. Edge 1, Edge 2 and, Main Crop HLF ratios (α:0.05) were found to 11 be more than 1 for both CCD gradients (G-CCD and S-CCD). According to this value, the 12 growth potential can be defined as high (Eq. 2; After Fabjanowski, 1974 from Schütz, 2001). 13
The results of HLF ratio assessments and stem analyses drawn by correlation and regression 14 analyses, age-height graphs and age-periodical height increment graphs show the growth of 15 sapling regeneration cores to be affected by CCD gradients. It was found that growth 16 continued rapidly in CCD gradients at G-CCD and S-CCD; a response to thinning after 12- It is suggested that key elements to the interpretation of this situation are the local 31 differences and distinctiveness of landscapes, together with variations in forest product 32 extraction and management. This finding relates to the idea that application of 'close-to-33 nature' silviculture in Turkey could significantly reduce the problems facing Turkish forests 34 today. However, it will take time and requires a change from current practices. The 1 application of similar management regimes for all forest zones regardless of stand properties 2 is not sustainable. There is a wealth of good practice and evidence from case studies in 3
Europe that can help inform the future management of this unique resource. In the United 4
Kingdom and Germany, and in mountain regions of Italy and Austria, for example, there are 5 many situations where sustainable forest management is increasingly moving towards 'close-6 to-nature' silviculture. This is generally incorporated into development plans that help sustain 7 local communities through jobs and economic regeneration; the forest seen as a key to 8 success. In particular, the concept of multi-functional forest management, including timber 9 and wood production, sustainable tourism and leisure, wildlife, heritage and forest culture 10 
